**Core tip:** Due to organ shortage and epidemiological developments, the number of older potential orthotopic liver transplant (OLT) recipients increased greatly over the last decades. In order to identify predictors for long-term survival after liver transplantation, we analysed all adult, first OLTs performed at the University Medical Center Hamburg-Eppendorf between 1997 and 1999 and compared these findings with the Eurotransplant database. Our study shows that recipient's age and body mass index as well as hepatitis B as underlying disease are predictors of long-term survival after OLT.

INTRODUCTION
============

Survival after liver transplantation has strongly improved in the last decades, but factors associated with long-term survival have not been well defined yet. Research on the factors associated with best long-term outcome is, therefore, essential for an optimal use of the donated organs. This is even more relevant since age of donors and recipients is increasing. This development is mostly due to the organ shortage as well as epidemiological developments.

The majority of deaths after older potential orthotopic liver transplant (OLT) occur within the first months after transplantation. This is predominantly caused by pulmonary infections, sepsis or multiple organ failure\[[@B1]\]. An analysis of a large cohort from the Eurotransplant database included more than 90000 patients that were liver transplanted between 1968 and 2009\[[@B1]\]. Within this cohort the early mortality was 6%, 9% and 12% for 1-, 3- and 6-mo mortality in patients who were liver transplanted after the year 2000\[[@B1]\].

Although several transplant centres worldwide now have more than 20 years of clinical experience in the field of liver transplantation, only few studies have analysed the long-term outcomes in OLT recipients\[[@B2],[@B3]\].

Several donor and recipient factors, including age and body mass index (BMI), are well-known to influence short-term survival\[[@B4]\]. Their relevance for long-term outcome has not been studied in detail yet. However, the negative influence of obesity on survival in non-transplant recipients is a well-known fact, since the Framingham study of the 1990s\[[@B5]\]. The World Health Organization has defined obesity as a condition of excessive accumulation of body fat, causing severe damage to health (<http://www.who.org>). In fact, the prevalence of obesity is increasing worldwide and is a major threat to liver transplant recipients as well as the health of the general population. Common co-morbidities associated with obesity are hypertension, coronary heart disease, heart failure, stroke, hyperuricemia, dyslipidemia, insulin resistance and glucose intolerance. In addition, within the Framingham study, it was shown that fluctuations in body weight in non-transplant patients were associated with an increased mortality, independent of obesity and the trend of body weight over time\[[@B5]\].

In contrast to the general population, the role of bodyweight in liver transplant recipients is less clear. Werneck et al\[[@B6]\] demonstrated in a study including 136 liver transplant recipients that there was no significant difference between obese and normal weight patients regarding length of stay in the Intensive Care Unit or in 2-year survival. On the other hand, Sawyer et al\[[@B4]\] demonstrated a decreased short-term survival in obese patients in comparison to normal weight liver transplant recipients.

In addition to BMI, ages of donor and recipient have been discussed controversially within the last years\[[@B7]\]. Recipients' age is also known to have an influence on the outcome of liver transplantation. Schoening et al\[[@B2]\] studied the 20-year survival rate of 313 liver transplant recipients. Those authors divided their cohort into three sub-groups: Patients below the age of 30, between 30 years and 55 years, and patients above 55 years. Patients below the age of 30 lived significantly longer after transplantation, as compared to the other two groups. However, no analysis was performed in which the patients were divided according to the median age in that study. Furthermore, the long-time survival of transplant recipients was compared with a "virtual control group", based on the life expectancy in the general population. While patients younger than 55 years showed a decreased survival, as compared to the general population, there was no difference in life expectancy between patients older than 55 years and the general population.

The aim of the present study was to identify factors associated with long-term patient and graft survival (\> 15 years) in liver transplant recipients and compare these to the Eurotransplant database. This study focused specifically on recipient's age and BMI, as the influence of these factors is still not well defined.

MATERIALS AND METHODS
=====================

This study was performed at the University Medical Center Hamburg-Eppendorf, a tertiary centre in North Germany. Since the first liver transplantation in Hamburg was performed in 1984, more than 2000 liver transplantations have been performed at this centre.

Medical charts of all *de novo* adult liver transplant recipients (*n* = 140), who were transplanted in Hamburg between 1997 and 1999, were retrospectively reviewed (Figure [1](#F1){ref-type="fig"}). In total, 155 transplantations were identified in this time period (15 re-transplantations). Twenty-six OLT recipients were early lost to follow-up due to moving to other places within 1 year after transplantation (Figure [1](#F1){ref-type="fig"}). All remaining 114 patients were included in the analysis. The following recipient factors were analysed: Age, sex, underlying liver disease, pre-OLT BMI, and levels of alanine aminotransferase (ALT), bilirubin, creatinine and gamma-glutamyltransferase (gamma-GT), as well as warm and cold ischemia times. Furthermore, the following donor factors were assessed: Age, BMI, cold ischemia time and warm ischemia time. All surviving patients were followed-up until December 2014. We divided patients into groups according to their underlying condition (Table [1](#T1){ref-type="table"}): (1) hepatocellular carcinoma (HCC) (*n* = 5, 4%); (2) alcohol toxic liver disease (*n* = 25, 22.0%); (3) primary sclerosing cholangitis (*n* = 6, 5%); (4) autoimmune liver diseases (*n* = 7, 6%); (5) hepatitis C virus (HCV) cirrhosis (*n* = 15, 13%); (6) hepatitis B virus (HBV) cirrhosis (*n* = 21, 19%); and (7) other (*n* = 35, 31%). The group "other" included rare diagnoses, such as acute liver failure, unknown liver failure, stenosis and thrombosis of the arteria hepatica, polycystic liver disease, Morbus Osler and Caroli disease.

###### 

Patient characteristics directly before transplantation

                                           **Patients who survived (*n* = 68)**   **Patients who died (*n* = 46)**   ***P*-value (*χ*^2^ test)**
  ---------------------------------------- -------------------------------------- ---------------------------------- -----------------------------
  Male                                     39 (57%)                               31 (67%)                           NS
  Age, yr (median, SD)                     16-65 (50.5, 13)                       17-69 (56.0, 12)                   0.009
  BMI, range kg/m^2^ (median, SD)          18-33 (23.1, 3)                        15-29 (25.9, 4)                    0.029
  Pre-LTx creatinine, mg/dL (median, SD)   0.4-3.5 (1.0, 0.5)                     0.3-2.9 (1.1, 0.6)                 NS
  GFR, mL/min (median, SD)                 15.3-230.2 (73.3, 38.1)                22.6- 240.4 (62.5, 48.0)           NS
  ALT, U/L (median, SD)                    4-2610 (35.5, 449.5)                   6-1566 (19.5, 339.0)               NS
  Gamma-GT, U/L (median, SD)               7-374 (47.0, 8)                        13-184 (43.0, 45)                  NS
  Bilirubin, mg/dL (median, SD)            0.4-28.1 (2.4, 5.7)                    0.4-28.3 (2.4, 5.8)                NS
  Warm ischemia time, min (median, SD)     25-100 (50.0, 18)                      22-75 (54.0, 15)                   NS
  Cold ischemia time, min (median, SD)     242-940 (542.5, 157)                   174-825 (521.0, 146)               NS
  Donor age, yr (median, SD)               12-70 (36.5, 16)                       13-75 (41.0, 1)                    NS
  Donor BMI, kg/m^2^ (median, SD)          17-30 (23.5, 3)                        18-31 (24.2, 2)                    NS
  Underlying diagnosis *n* (%)                                                                                       
  HCC                                      2 (3)                                  3 (6)                              NS
  Alcohol toxic liver cirrhosis            12 (18)                                13 (27)                            NS
  PSC                                      4 (6)                                  2 (4)                              NS
  Autoimmune                               5 (8)                                  2 (4)                              NS
  HCV cirrhosis                            9 (14)                                 6 (13)                             NS
  HBV infection                            16 (24)                                5 (10)                             0.049
  Other                                    18 (27)                                17 (35)                            NS

ALT: Alanine aminotransferase; BMI: Body mass index; OLT: Orthotopic liver transplantation; HCV: Hepatitis C virus; HBV: Hepatitis B virus; NS: No statistically significant difference; GFR: Glomerular filtration rate; HCC: Hepatocellular carcinoma; PSC: Primary sclerosing cholangitis.
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In addition to patient survival, the graft survival was also analysed. By definition, graft loss resulted in re-transplantation or death. The factors that were significantly associated with graft survival in our cohort were then compared with a large cohort of 2971 patients from Eurotransplant, which had been transplanted within the same period (1997-1999).

Statistical analysis
--------------------

Categorical variables were compared using *χ^2^* test. Metric data were compared using the non-parametric Mann-Whitney test. Survival analysis was performed utilizing Kaplan-Meier analysis. All investigated factors were tested utilizing univariate and multivariate models.

As metric values did not fulfil the criteria for a normal distribution (Kolmogorov Smirnov test *P* \< 0.01), median values instead of mean values were depicted. All statistical analyses were performed utilizing SPSS (version 13.0) and *P*-values \< 0.05 were considered to be statistically significant.

For this retrospective, observational study neither informed consent nor approval of the ethics committee was needed according to the Professional Code of the German Medical Association (article B.III. § 15.1) and to the recommendations of our local ethical committee (Ethikkommission der Ärztekammer Hamburg).

Control cohort
--------------

To discuss the survival of transplant patients with an age below and above the median of age (53 years) we constructed an imaginary control cohort. Therefore, we analysed the survival of historical data (<https://www.destatis.de>) of an age-matched cohort of the healthy German population.

In addition, to improve reliability of data, we compared our results with data from a cross-sectional Eurotransplant cohort including 2971 patients who underwent liver transplantation between 1997 and 1999. Eurotransplant kindly supported us with de-personalized data that were already arranged and categorized according to our median values of age and BMI and to status of HBV positivity. To compare this cohort with our own cohort, survival of these patients was analysed up to the same time point (until December 2014).

RESULTS
=======

Patient characteristics
-----------------------

Overall, 114 OLT recipients were included in the study (Table [1](#T1){ref-type="table"}). The majority of the patients were male (*n* = 70, 61%). The age and BMI at the time of transplantation ranged from 16 years to 69 years (median: 53 years) and from 15.1 kg/m^2^ to 33.3 kg/m^2^ (median: 24 kg/m^2^), respectively. See Table [1](#T1){ref-type="table"} for an overview of the overall investigated factors. The median follow-up was 5139 d. Sixty-six (58%) OLT recipients experienced a follow-up of 15 years after OLT (Figure [1](#F1){ref-type="fig"}). The 1-, 5- and 10-year patient survival rates were 78%, 74% and 64% (Figure [1](#F1){ref-type="fig"}).

Follow-up and graft survival
----------------------------

Graft survival 15 years post-OLT was 53%. Fifty-three patients experienced a graft loss either by death (34%) or re-transplantation (13%). Characteristics of patients with graft survival and those with graft loss are depicted in Table [1](#T1){ref-type="table"}.

Association between patient survival and recipient's age
--------------------------------------------------------

During the observational period, the mortality rate was significantly higher in patients with an age above the median (53 years) at transplantation as compared to patients younger than the median (*P* = 0.009). The Kaplan-Meier analysis confirmed that older patients had a decreased patient survival rate (*P* = 0.008; Figure [2](#F2){ref-type="fig"}). Furthermore, the median age at the time of transplantation was higher in patients who deceased within 15 years of follow-up in comparison with patients who were still alive at the end of the study period (*P* = 0.006, Mann-Whitney test; Figure [3](#F3){ref-type="fig"}). These findings were confirmed in the cross-sectional Eurotransplant cohort (*n* = 2973) transplanted in the same period, with a follow-up of 15-17 years. In this cohort, 625/1145 (55%) patients with an age above 53 years died within the 15-year to 17-year follow-up period, while only 653/1809 (36%) patients with an age below 53 years died (*P* \< 0.001; Table [2](#T2){ref-type="table"}).

###### 

Comparison of survival according to age, body mass index and hepatitis B virus status in a Eurotransplant control cohort (*n* = 2973)[1](#T2FN1){ref-type="table-fn"}

                                                  **Patients who survived *n* (%)**   **Patients who died *n* (%)**   ***P*-value (*χ*^2^ test)**
  ----------------------------------------------- ----------------------------------- ------------------------------- -----------------------------
  Age below 53 yr (*n* = 1809)                    1156 (64)                           653 (36)                        
  Age above 53 yr (*n* = 1145)                    520 (45)                            625 (55)                        \< 0.001
  BMI below 24 kg/m^2^ (*n* = 1454)               880 (61)                            574 (39)                        
  BMI above 24 kg/m^2^ (*n* = 1493)               796 (53)                            697 (47)                        \< 0.001
  Hepatitis B as underlying disease (*n* = 255)   170 (67)                            85 (33)                         
  Non-hepatitis B patients (*n* = 1705)           946 (55)                            759 (45)                        \< 0.001

Data for age, BMI and hepatitis B virus status were not available for the total cohort. BMI: Body mass index.
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In a sub-analysis, we defined age above 60 years as "old" and analysed the groups of transplant younger (*n* = 89) and older (*n* = 25) than this threshold, separately. In patients older than 60 years, the patient survival rate was significantly lower as compared to younger patients (*χ^2^* test *P* = 0.007, Kaplan-Meier analysis *P* = 0.002). Donor age (12-75 years, median: 40) was not significantly correlated with patient survival. A multivariate analysis confirmed age as an independent factor associated with graft survival (*P* \< 0.01).

Association between graft survival and age
------------------------------------------

Patients with an older age at the time of transplantation had a significantly worse graft survival, compared to patients younger than the median (Figure [4](#F4){ref-type="fig"}). This was confirmed by *χ^2^* test (*P* = 0.017) and Mann-Whitney test (*P* = 0.017). Looking at the subgroup of patients older than 60 years, there was a significantly lower graft survival according to Kaplan-Meier survival analysis (*P* = 0.05) but not according to the *χ^2^*-test. Donor's age was not related to graft survival in this study (*P* = ns). There was no significant association between patients who survived more than 1 year and had age above the median (*χ^2^* test *P* = 0.498).
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Association of patient survival and BMI
---------------------------------------

Patients with a BMI above the median (24 kg/m^2^) displayed a higher mortality than patients with a BMI below the median (*P* = 0.029). This reduced survival rate was confirmed by the Kaplan-Meier analysis (*P* = 0.020; Figure [2](#F2){ref-type="fig"}). Additionally, BMI at the time of transplantation was higher in patients who died within 15 years of follow-up in comparison to patients who survived (*P* = 0.014; Figure [3](#F3){ref-type="fig"}). This was confirmed in the Eurotransplant control cohort (*n* = 2971). Patients with a BMI below 24 kg/m^2^ showed an improved survival rate in comparison with patients with a BMI above this threshold (*P* ≤ 0.001). In detail, 61% with a BMI below 24 kg/m^2^ survived, while 53% with a BMI above 24 kg/m^2^ survived (Table [2](#T2){ref-type="table"}).

A sub-analysis of patients with severe obesity and a BMI above 30 kg/m^2^ was not possible as only two patients fulfilled this criterion.

There was no significant association between patients who survived more than 1 year and had BMI above the median (*χ^2^* test *P* = 0.449). Notably, there was no significant association between age and BMI of the recipient (R = 0.114, *P* = 0.278), so that BMI seemed to be independent of age. Unfortunately, a multivariate analysis did not confirm BMI as an independent factor associated with decreased survival; perhaps, significance was missing due to the limited number of factors.

In contrast, the BMI of the donor was not associated with survival of the recipient (*P* = ns).

Association of graft survival and BMI
-------------------------------------

Patients having a BMI above the median (24 kg/m^2^) had a significantly worse graft survival, compared to patients with a BMI lower than the median (*χ^2^* test: 0.009, Mann-Whitney test: 0.047). On the other hand, in this study, donor's BMI did not have an influence on graft survival.

Association of patient and graft survival with the underlying liver diseases
----------------------------------------------------------------------------

The only underlying aetiology of cirrhosis which was statistically significantly associated with outcome was hepatitis B. Patients with hepatitis B as an underlying disease tended to have an improved patient survival in comparison to patients with other underlying diseases (*P* = 0.049 in the categorical analysis and *P* = 0.055 in the Kaplan-Meier analysis; Figure [2C](#F2){ref-type="fig"}). Three out of 21 liver transplant recipients with hepatitis B suffered from acute, fulminant hepatitis B, leading to acute liver failure and transplantation, while the majority (*n* = 18) had been transplanted due to chronic hepatitis B with cirrhosis. Regarding the BMI, there was no difference between HBV-positive and HBV-negative patients (*t*-test, 2-sided, unequal variance, *P* = 0.38), so that other reasons must be responsible for the survival benefit.

All HBV-positive liver transplant recipients received intravenous immunoglobulins, hepatitis B immune globulin (HBIG), to avoid reinfection of the graft.

In addition to patient survival, graft survival of patients with hepatitis B as underlying disease was also improved, compared to patients with other diagnoses (*χ^2^* test: 0.018, Mann-Whitney test: 0.018). The Eurotransplant control cohort confirmed that patients with hepatitis B had an improved survival in comparison to the remaining patients (Table [2](#T2){ref-type="table"}).

Remaining factors
-----------------

Neither recipient's laboratory parameters prior to transplantation (ALT, gamma-GT, bilirubin, creatinine) nor warm ischemia time or cold ischemia time influenced patient survival significantly.

DISCUSSION
==========

In the current situation of tremendous organ shortage, it is important to identify patients who benefit most from a liver transplantation and also to detect risk factors associated with poor outcome. The main findings of this study were that recipients' age and BMI are relevant for prediction of long-term patient survival as well as graft survival. Interestingly, neither other recipient factors such as bilirubin, creatinine, ALT nor donor factors, such as age and BMI, were associated with decreased survival. Another interesting finding was that OLT recipients with hepatitis B as underlying disease had improved survival rates.

The association of recipients' age and BMI and patient and graft survival was proven by univariate analysis for both factors. However, in multivariate analysis only age remained a significant predictor. On the other hand, it was unexpected that there was no significant association between survival of recipient's and donor's age and BMI. This finding is in contrast to numerous previous studies which demonstrated a significantly decreased survival in recipients of older donations within a large ET-DRI study\[[@B8]\]. Recently, a large analysis of more than 41000 liver transplant recipients receiving a donation after circulatory death showed that recipients of livers from donors with an age below 50 years had a higher survival rate, compared to recipients of livers from donors with an age above 60. However, several studies indicated that older grafts can be used safely with a careful selection of patient and donor in the majority of cases\[[@B9]-[@B13]\]. Based on the published literature, strict recommendations for the acceptance or refusal of potential liver donors cannot be made. The authors concluded that careful donor organ and recipient selection can lead to excellent results\[[@B14]\].

In contrast to donor's age, our study highlighted the value of recipient's age as a predictor of survival. We identified a threshold of 53 years for recipient's age and a BMI of 24 kg/m^2^ as relevant risk factors. These findings were confirmed in the analysis of the Eurotransplant cohort of 2971 patients. Perhaps a larger cohort might also confirm a relevant aspect of donor age on survival. However, our study did not find such an association.

Within a previous German study with a follow-up period of 20 years and 313 liver transplant recipients, the survival of elderly transplant recipients (\> 55 years) was reduced within the first year after transplantation, but long-term survival was similar to the general population\[[@B2]\]. Our observation that there is a relevant difference regarding survival between OLT recipients above and below the median age of 53 years (Figure [2A](#F2){ref-type="fig"}) is well in line with this study. However, we could not find a significant association between 1-year patient survival and age or BMI above the median. Therefore, these factors might be associated with long-term but not with short-term survival. Further studies are needed to elucidate this aspect.

Earlier studies showed inconsistent results concerning BMI and survival. A study by Fujikawa et al\[[@B15]\] investigated the impact of obesity on clinical and financial outcome after liver transplantation and showed no influence on either patient survival or hospital costs. Also, it is conceivable that obese recipients were selected more carefully with respect to other risk factors. In contrast, the study by Rustgi et al\[[@B16]\] observed a worse survival rate in patients having a BMI \> 35. Our study confirms the finding that a higher BMI of the recipient is associated with a decreased survival. Only three of the patients in our study displayed malnutrition with a BMI \< 18; thus, no interpretation of a possible effect of malnutrition and survival was possible for our cohort.

In order to strengthen our data, we compared the survival rate of our patients (younger or older than the median of 53 years) with two control groups (as described in the methods). There were no significant differences between all three groups (Figure [5](#F5){ref-type="fig"} and Table [2](#T2){ref-type="table"}). However, these are hypothetical control cohorts and more detailed statistical analyses were not possible.

![Percentage of survival in an age-matched control of the German general population (age range: 18-67 years). This age-matched control cohort was constructed baseding on historical data about the German healthy population (<https://www.destatis.de>).](WJH-9-427-g005){#F5}

Three independent statistical tests (Kaplan-Meier survival analysis/Log rank, *χ^2^* test, Mann-Whitney test) confirmed the association between recipient's age or BMI and decreased patient and graft survival rates. However, there was no correlation between age and BMI indicating that these factors are independently associated with lower survival. Unfortunately, a multivariate analysis makes no sense due to the low number of significant factors in the univariate analysis. It is not surprising that older or overweight patients depict a shorter survival. This has been a well-known fact for many years.

Interestingly, hepatitis B was associated with an improved long-term patient survival in our cohort. This should be interpreted carefully as there are only 21 HBV patients in our study population. However, this observation might be due to the regularly applied immunoglobulin preparations, HBIG, that these patients still get at our institution\[[@B17]-[@B19]\]. However, currently this is only one hypothetical explanation of the observed survival benefit of hepatitis B patients.

In addition, our study cohort analysis of the Eurotransplant control cohort also shows an increased survival for transplant recipients with underlying hepatitis B in comparison to the remaining patients (*P* \< 0.001). This observation is in line with an analysis of the survival of liver transplant recipients with hepatitis B, based on the European liver transplant registry\[[@B20]\]. Within this study investigating the outcome of liver transplant recipients with hepatitis B as underlying disease within a period of approximately 20 years (1988-2010), it could be shown that the survival of HBV-positive transplant recipients strongly improved within these 2 decades\[[@B20]\]. This has been assumed to be caused by the prevention of hepatitis B re-infection by immunoglobulins\[[@B20]\]. However, this hypothesis still needs to be confirmed by further studies.

The results of this study might be helpful to identify patients with better chances of long-term survival. Our overall 15-year patient survival rate (Figure [1](#F1){ref-type="fig"}) of 58% is well in line with previous reports depicting a 20-year survival rate of approximately 50% after liver transplantation\[[@B2],[@B3]\]. However, in the current era of model of end-stage liver disease (MELD)-allocation, which favours the sickest patients, such survival rates might not be met in future studies. Upcoming studies are needed to investigate not only short but also long-term survival of patients who received a liver transplantation in the MELD-era. Perhaps the MELD score is a valuable tool for identifying the sickest patients, but it might not be the best predictor of long-term outcome. Furthermore, according to previous studies, it has been shown that prognosis of the patient is far more related to clinical parameters than laboratory data\[[@B17]\]. The study of Aloia et al\[[@B18]\] also showed a decreased value of the MELD score in contrast to parameters such as ventilator status, diabetes mellitus, HCV, creatinine levels and recipient's and donor's age.

Our study has some limitations. It is based on patients who underwent liver transplantation in the pre-MELD era and at a time when less patients received organs with extended donor criteria. Furthermore, the number of patients with HCC was only 4% (5/114, 4%). In our study, at present these numbers are much higher.

Unfortunately, multivariate analysis of our data was prone to errors due to the small number of patients in comparison to the multiple variables. Thus, it can be said that the analysed cohort was too small for the investigation of the variables. This was a retrospective analysis and, therefore, there is some lack of information considering the long time period of observation (15-17 years). However, there are not many studies dealing with such long-term data as presented in this collective. In the future, more research, especially on the potential influence of immunoglobulins on the HBV patient's outcome, is necessary.

In conclusion, age and BMI of OLT recipients were predictors of long-term survival, while pre-transplant bilirubin, creatinine, ALT and gamma-GT were not associated with patient survival or graft survival (pre-MELD era). Age and BMI of the donor had no relevant influence on patient or graft survival in this cohort. OLT recipients with hepatitis B as underlying disease displayed an improved survival. The relevance of this observation still needs to be determined.
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